We study the effects of regulatory oversight by the Consumer Financial Protection Bureau (CFPB) on credit supply as well as bank risk-taking, growth, and operating costs. We use a difference-in-differences approach, making use of the fact that banks below a $10 billion size cutoff are exempt from CFPB supervision and enforcement activities. We find little evidence that CFPB oversight significantly reduces the overall volume of mortgage lending. However, we find some evidence of changes in the composition of lending-CFPB-supervised banks originated fewer loans to risky borrowers, offset by an increase in large "jumbo" mortgages. We find no clear evidence of substitution in lending between bank and nonbank subsidiaries, or effects on asset growth or bank noninterest expenses.
Introduction
There has been a renewed focus on consumer financial protection in recent years, both in the U.S. and internationally, motivated by concerns that individuals are prone to deceptive and predatory practices by financial firms and make costly financial "mistakes" (e.g., Campbell 2006) . Campbell et al. (2011) presents a case for why consumer financial protection regulation may improve welfare, for example due to externalities (e.g., the social costs of mortgage foreclosures), information asymmetries, or behavioral factors such as limited financial literacy. In practice, however, regulatory efforts to bolster consumer financial protection may be burdensome, costly, or have other significant unintended consequences. This paper tests whether enhanced regulatory oversight of consumer financial protection law has significant effects on the supply of credit or on bank risk-taking and profitability. Our analysis focuses on the Consumer Financial Protection Bureau (CFPB), a U.S. regulatory agency established in 2011 focused specifically on consumer financial protection with broad authority over both banks and nonbanks. In addition to rule-making authority, the CFPB has the power to supervise and conduct examinations of financial firms, and to pursue enforcement actions for breaches of Federal consumer financial protection law. The CFPB has actively exercised its enforcement authority, completing more than 140 enforcement actions through June 2017, involving $11.9 billion in consumer relief payments, as well as more than $400m in civil money penalties. 1 Critics argue that the CFPB's activities involve high compliance costs, increase uncertainty and legal risk, and ultimately raise costs and reduce the availability of financial services to consumers.
For example, a recent report by the U.S. Chamber of Commerce (2018) argues that the CFPB relies excessively on "regulation by enforcement", and criticizes a number of aspects of CFPB examinations. Reflecting concerns about the costs of regulation, legislation has been proposed to raise the asset size threshold below which depository institutions are exempt from CFPB supervision and enforcement activities (e.g., the Financial Regulatory Improvement Act of 2015, and the Consumer Financial Protection Bureau Examination and Reporting Threshold Act of 2017).
Our point estimate is 5-6 percentage points, statistically significant at the 1 percent level. There is also some evidence of a drop in lending to borrowers with no coapplicant, a characteristic that is associated with higher mortgage default risk. Offsetting these declines, there is an increase in supervised banks' origination of large loans in the "jumbo" segment of the mortgage market, where borrowers tend to have higher incomes.
This evidence provides some support for the view that heightened legal risk and regulatory scrutiny related to consumer financial protection has led to some "de-risking" of bank activities, and in particular, affected bank lending to riskier borrowers. Although FHA loans are guaranteed against default by the Federal government, mortgage lenders still view them as carrying significant legal risk, and also the risk that the FHA may not indemnify the lender against credit losses if the loan has been found to be incorrectly underwritten. We note more broadly that there has been significant substitution from banks to nonbanks in the FHA market, a trend which has been linked to regulatory factors (e.g., see Buchak et al. 2017 ) and which has attracted significant attention among policy makers and in the media. 3 We also examine the effects of CFPB oversight on measures of compliance costs, such as the time it takes to process mortgages and banks' noninterest expense. With respect to processing times, we do not find a robust relation with CFPB oversight and greater processing times overall, although there is a marginally significant increase for FHA loans originated by CFPB-supervised banks. We find no evidence that CFPB supervision increases noninterest expense or its components; our point estimates are actually negative, although not statistically significant. Our estimates are quite imprecise, however, based on our measured confidence bounds. We also find no evidence that banks subject to CFPB oversight grow more slowly, although again our power is relatively low. We find some weak evidence of a shift from retail loans to other assets in terms of the composition of CFPB-supervised bank balance sheets.
In interpreting our results, it is important to keep in mind that there at least two other significant regulatory implications associated with banks or bank holding companies of crossing a $10bn asset size threshold. First, bank holding companies (BHCs) above this threshold are subject to caps on debit interchange fees under the "Durbin amendment". Research by Kay et al. (2014) find that these caps reduce fee income for banks subject to this cap. Second, BHCs above $10bn in size are required under the Dodd Frank Act to conduct annual company-run stress tests. Although there are no direct regulatory outcomes tied to these stress tests for banking organizations with less than $50 billion in assets, the requirement to conduct them likely at least involves some compliance costs, and may flag issues to supervisors. 4 To isolate the effects of CFPB oversight from these other changes, we focus primarily on consumer lending outcomes, where CFPB supervision and enforcement is likely to be the dominant concern. We also take advantage of differences in the timing of the creation of the CFPB relative to the implementation of company-run stress tests. Specifically, the final rule related to stress testing of banking institutions with assets between $10 billion and $50 billion was not implemented until October 2013, whereas we focus on lending outcomes between 2009 and 2013. 5 However to the extent that we cannot fully disentangle the effects of CFPB oversight, our results will reflect the joint effect of these different regulations, and thus represent an upper bound on the effect of CFPB supervision and enforcement activities. Furthermore, although focusing on banks within a relatively narrow asset size range (generally $1bn-$25bn) should maximize comparability of banks above and below the $10bn cutoff, the effects we estimate are of course "local" effects for the set of banks in our sample, and it is possible that larger banks are either more or less sensitive to CFPB oversight than the banks in our sample. 6
As an additional caveat, we emphasize that our study focuses only on a subset of the potential effects of the supervision and enforcement activities of the CFPB. In particular, we do not present any systematic evidence on the potential benefits for consumers of heightened regulatory oversight (e.g., a reduction in predatory lending). Thus, while our study adds to the body of knowledge about the CFPB, our results do not speak to the overall net social benefits or costs of the regulator.
Finally, we note that the CFPB has also engaged in significant rule-writing activities since its creation (e.g., the TILA-RESPA integrated disclosure rule, also known as TRID, or the qualified mortgage requirements), which apply to all lenders. Our results do not speak to the effects of these rules.
Related Literature
The analysis in this paper is related to a small literature on the causal effects of financial supervision. Agarwal et al. (2014) find that different regulators supervise banks inconsistently, exploiting the rotation of supervision across different regulators over time. Hirtle et al. (2016) study the impact of greater supervisory attention on bank holding companies (BHCs) based on whether a BHC is one of the largest in its headquarter's Federal Reserve District; they find that more closely supervised banks are less risky, particularly during industry downturns, but with no discernible impact on growth or profitability. Eisenbach et al. (2016) present a model and empirical evidence on the determinants of bank supervisory effort. Unlike these papers, we focus on the effects of consumer financial protection supervision and enforcement authority, rather than prudential supervision.
Also related, papers such as Calem et al. (2017) and Morris-Levenson et al. (2017) study the effects of being subject to enhanced supervision and the Comprehensive Capital Analysis and Review (CCAR) which applies to BHCs with more than $50 billion in assets. (Our analysis focuses entirely on banking organizations below this threshold.) Bouwman et al. (2018) study effects of the $10 billion Dodd-Frank threshold but do not examine consumer lending outcomes or examine differences in outcomes before and after the creation of the CFPB in 2011.
Our analysis is also related to research examining the effects of individual laws or regulations designed primarily to strengthen consumer financial protection, such as anti-predatory-lending laws or the CARD Act (e.g., Ho and Pennington-Cross 2006; Melzer 2011; Morgan et al. 2012; Di Maggio and Kermani 2017; Agarwal et al. 2015; Debbaut et al. 2016) . Unlike these studies, which focus on specific laws, our focus is on the effects of the supervision and enforcement of a large body of existing consumer financial protection law.
Since one of the likely effects of CFPB oversight is greater exposure to legal enforcement actions, our study also relates to Hartman-Glaser et al. (2014) . These authors argue that mortgage supply is reduced by legal risk due to "put-backs" when mortgages are sold to the government-sponsored enterprises Fannie Mae and Freddie Mac. Also related, Gissler et al. (2016) find evidence that regulatory uncertainty affects mortgage credit supply.
The results in this paper also relate to the broader literature on household finance and the costs and benefits of consumer financial protection. Campbell et al. (2011) lay out the case for why consumer financial protection regulations may improve welfare. A rapidly growing literature on household finance documents the propensity for individuals to make financial mistakes, and the ability of lenders to potentially exploit those (e.g., Campbell 2006 , Woodward and Hall 2012 , Gurun et al. 2016 .
Although there has been little work directly on the impact of CFPB supervision and enforcement activities, a literature on the CFPB has developed, particularly by legal scholars-e.g., Levitin (2013) reviews the key powers of the CFPB. DeFusco et al. (2017) study the effects of one particular rule implemented by the CFPB, namely the "ability-to-repay/qualified mortgage" rules that were introduced in 2014. These rules apply to all lenders, even those not otherwise subject to CFPB supervision and enforcement. Begley and Purnanandam (2017) use the CFPB's complaints database to study how the frequency of mortgage-related consumer complaints varies with income, education and minority shares in the local population.
Institutional Background and Sample Construction

Overview of the CFPB
The Consumer Financial Protection Bureau was created as part of the Dodd-Frank Wall Street Reform and Consumer Protection Act, which was signed into law in July 2010. Prior to the founding of the CFPB, Federal responsibility for regulation related to consumer financial protection was shared among a variety of different government departments and regulatory agencies, including prudential regulators such as the Federal Reserve and Office of the Comptroller of the Currency 6 (OCC) as well as the Department of Housing and Urban Development, Veterans Administration and Federal Trade Commission. Consumer finance is also subject to state-level regulation and enforcement, although these regulations have in some cases been subject to federal preemption (e.g., see Di Maggio and Kermani 2017 in the context of predatory lending laws). Warren (2007) and Levitin (2013) argue that this fragmentation of responsibility led to weaker overall regulatory oversight, because it meant that consumer financial protection was not the primary mission or expertise of any Federal agency, and that financial protection concerns may even have conflicted with other policy goals such as bank safety and soundness. The fragmented nature of oversight may have also created opportunities for regulatory arbitrage and charter shopping.
The CFPB was designed to replace this fragmented approach with a single agency focused squarely on consumer financial protection and with broad authority over both banks and nonbanks.
The CFPBs powers fall into three broad areas (as described in 12 U.S. Code 5515):
1. Rule making. The CFPB has rulemaking authority under the Federal consumer protection laws transferred to it, such as the Truth in Lending Act, Home Ownership and Equity Protection Act, Home Mortgage Disclosure Act, and others. The CFPB also has the organic authority to define "unfair, deceptive or abusive acts or practices" (so called "UDAAPs"), which are prohibited under the Dodd-Frank Act.
2. Supervision. The CFPB has the power to send examiners to study the records of financial firms, interview employees, collect data, and so on.
3. Enforcement. The CFPB has the power to pursue enforcement actions against firms in breach of consumer protection law, requiring firms to provide relief in the form of civil money penalties, refunds, injunctive relief, or other types of remediation. The CFPB's enforcement activities have made significant use of the agency's UDAAP power as described above. The CFPB is not permitted to conduct enforcement actions alone, however; it is required to act in cooperation with other agencies.
The CFPB began operations in July 2011, a year after the passage of the Dodd-Frank Act. 
Enforcement Cutoff
The rule-making authority of the CFPB applies broadly to financial institutions engaged in the provision of consumer financial services. However, under sections 1025 and 1026 of the Dodd-Frank Act, the CFPB has only limited supervisory and enforcement authority over depository institutions with less than $10 billion in total assets. For banks below this threshold, authority to enforce consumer financial protection laws generally falls to the firm's prudential supervisor. 7
The CFPB may however require the prudential regulator to furnish it with information from its supervisory activities, and may at its discretion include examiners on a sampling basis as part of the examinations performed by the prudential supervisor. The CFPB is also expected to notify the prudential regulator if it believes a material violation of consumer financial protection law has occurred (see 12 U.S. Code 5516).
Not all banks below $10 billion in size are exempt from CFPB oversight, because the CFPB has authority over affiliates of banks with at least $10 billion in assets. For example, if a bank holding company (BHC) owns two depository subsidiaries, one with $15 billion in assets, the other with $5 billion in assets, both will be subject to CFPB oversight, because the second bank is an affiliate of the first. Note also that the asset size test applies to each bank, rather than the BHC. If a BHC with assets $16 billion is comprised of two banks each with $8 billion in assets, neither bank will be subject to CFPB oversight, since neither individually exceeds the CFPB threshold. 8
For the purposes of this paper, we identify which banks are subject to CFPB oversight (supervision, examinations and enforcement actions) using a list provided on the CFPB website. This list reports the set of covered firms for each calendar quarter from the second quarter of 2011 onwards.
As a cross check, we also manually calculate a list of which banks are subject to CFPB oversight each quarter since 2011Q2, based on the interpretation of sections 1025 and 1026 of the Dodd-Frank Act applied by US regulatory agencies, and using bank assets reported in bank Call Reports and Thrift Financial Reports combined with National Information Center data on bank holding company structure. Our list closely matches the list furnished on the CFPB website, although the two do not match exactly. In situations where they do not match, we rely on the CFPB list, under the assumption that it most closely matches actual agency practice.
Sample Definition and Data
Our main bank sample consists of the population of US commercial banks and savings banks with consolidated assets between $1bn and $25bn as of June 30, 2011, the quarter end just before the CFPB begins operations on July 7, 2011. We use this sample rather than the entire population of commercial banks in order to focus on a more homogeneous sample of firms in the neighborhood of the $10bn asset size cutoff for CFPB oversight, and to isolate the effects of CFPB oversight from other regulations passed during this period. In some of our robustness tests we also consider alternative asset size ranges. We exclude all banks which are subsidiaries of large bank holding companies with assets exceeding $50bn. We do this because this class of firms is subject to enhanced supervision and are likely to differ in other ways from smaller community banks not affiliated with large BHCs.
For each bank meeting these conditions, we collect information on asset size and other financial information from the Call Report (in the case of commercial banks) and Thrift Financial Report (in the case of savings banks), and also collect information on bank structure (e.g., the affiliate structure and the presence of a bank holding company) from the National Information Center. Within this sample, we identify which banks are subject to CFPB oversight based on the classification provided on the CFPB website. Although a small number of firms switch oversight status over time, in our baseline specifications, we simply use the initial designation of firms as of 2011Q2 and hold that designation constant throughout. We do this because of concerns that firms may endogenously adjust their size to avoid being above the $10bn asset size threshold. This would be a concern for our econometric strategy if the decision of firms to adjust their exposure to CFPB oversight in this way is correlated with omitted firm characteristics (e.g., their propensity to originate risky mortgages). 
Empirical Strategy
Our empirical analysis is based on a fairly standard difference-in-differences approach, and is illustrated in Figure 3 . In the "pre" period up until the second quarter of 2011, banks both above and below the $10bn asset size threshold are subject to supervision by their prudential supervisor in relation to Federal consumer law. From 2011Q2 onwards, banks greater than $10 billion in size (and their banking affiliates) are subject to CFPB oversight, with the prudential regulator instead acting in a secondary role. We then examine the change in outcomes (e.g., mortgage lending volumes) for the "treated" group of banks subject to CFPB oversight relative to the control group, around the period after the CFPB begins operations.
Why might we expect that CFPB oversight would affect the supply of financial services, bank profitability or risk? Some have argued that the CFPB, because of its mandate and focus, is a particularly active supervisor and regulator on consumer financial protection issues. 9 As discussed above, the CFPB has the organic authority to define unfair and deceptive practices by the providers of consumer financial products, and has actively used this authority in its enforcement activities.
Legal and advisory firms regularly cite the compliance and legal implications associated with CFPB 9 Evidence consistent with the claim that the CFPB undertakes enhanced supervision and enforcement of consumer protection laws, a search of the OCC enforcement registry from 2014 to 2016 identified only $150,000 of consumerrelated civil money penalties levied on firms below $10bn in size. This represents less than 0.1% of the penalties levied by the CFPB over the same period. supervision and enforcement above the $10bn threshold (e.g., Grant Thornton L.L.P. 2015, Skadden, Arps, Slate, Meagher and Flom 2016). Aside from the potential legal risks associated with enforcement actions, there may also be "congestion" costs in terms of regulatory compliance, in the sense that it makes the bank subject to oversight both from their primary prudential regulator and the CFPB.
Motivated by industry concerns, there have been a number of Congressional efforts to raise the CFPB supervision and enforcement thresholds from $10 billion to $50 billion, for example via the Financial Regulatory Improvement Act of 2015. Other research has also found evidence of slower growth, or a bunching in the firm size distribution, below the $10 billion asset size threshold (see Bouwman et al. 2018 and Yang 2016) , which could in part be due to reluctance to be exposed to CFPB oversight. (We find no clear evidence of such effects for our sample, however, as discussed in Section 5.) Although there have been only a small number of public enforcement actions by the CFPB against small depository institutions, this does not necessarily imply that the effects of oversight are small-the threat of enforcement may have had effects on bank behavior and led to an increase in costs; the CFPB may have also taken nonpublic regulatory actions against these firms. The direct compliance costs of CFPB oversight could also discourage the provision of financial services to consumers.
Effects on Mortgage Lending Volume and Composition
In this section we study the effect of CFPB oversight on the volume of residential mortgage originations, measured using data collected under the Home Mortgage Disclosure Act (HMDA). We also study the composition of mortgage lending, and in particular the riskiness of this lending, as well as the time it takes to originate a mortgage.
Mortgage lending provides us with a good laboratory to study potential CFPB effects, because mortgages are the biggest component of consumer lending and the subject of about one-quarter of CFPB enforcement actions. Furthermore, HMDA data covers almost the entire US mortgage market, and allows us to control for detailed geographic, loan and borrower characteristics that could affect selection into different types of banks.
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The HMDA data contain information on individual mortgage applications and originations. All banks with assets above a low asset size cutoff (e.g. $40 million in 2011) that have a branch in a metropolitan statistical area and made at least one mortgage loan in a given year are required to report. 10 The reported information for each mortgage application includes the lender identity, property location, loan amount, and borrower characteristics such as income, race and gender. The data also reports whether an application led to a loan origination or not (and in the latter case, whether the application was denied by the lender, withdrawn by the borrower, or closed for other reasons) and, for originations, whether the loan was sold/securitized within the same calendar year or not. The restricted version of the data that is available to users within the Federal Reserve System also contains exact application and "action" (e.g. origination) dates, meaning we can track the evolution of lending in a more granular manner than with the publicly available data, which only contains year indicators. See Avery et al. (2007) for a detailed description of HMDA data and its strengths and weaknesses for use in research. We match the lender identifiers in the HMDA data to highholders using data from the National Information Center (NIC).
Graphical Evidence
Before turning to regressions, we graph the time-series of total mortgage originations for CFPBsupervised banks and unsupervised banks. As discussed in Section 2.3, we split the sample based on whether the bank is included in the initial list of the set of firms subject to CFPB oversight.
We then hold this classification fixed. 11 Figure 4 includes banks with assets between $1 billion and $25 billion in assets as of 2011Q2, meaning that they are relatively close to the $10 billion cutoff that determines whether they are subject to CFPB oversight. Within each group, total mortgage origination volume (including both purchase and refinancing mortgages) is normalized to 100 in 2011Q2, right before the CFPB begins operations.
The figure shows no evidence that as a group, CFPB-supervised banks originated fewer loans in the period after the introduction of the CFPB than before, by comparison to the non-CFPBsupervised control group. In general, the volumes of both groups fluctuate very significantly, but move closely together. If anything, the growth in lending for the unsupervised banks is lower relative to the pre-period. We next turn to formal regression analysis that allow us to more precisely investigate these issues.
Regression Analysis
Our analysis proceeds in two stages. First, we consider origination activity at the bank level by aggregating mortgage originations by bank and testing for changes in overall origination activity for treated versus untreated banks. Then, we consider a mortgage-level analysis that allows us to control for loan-specific characteristics.
Bank Level
In this subsection, we estimate a difference-in-differences model using the regression:
where Loans jt measures the mortgage origination activity in quarter t at lender j. Origination activity is measured in log of dollars or log number of loans. Regressions include both lender and quarter fixed effects. post2011Q2 t is a dummy variable equal to 1 during the period the CFPB is active (from 2011Q3 onwards) and CF P Bsupervised j indicates lenders subject to CFPB oversight at the end of 2011Q2. The coefficient on the interaction term estimates the relative change in lending activity for CFPB-supervised institutions versus unsupervised lenders compared to the pre-CFPB period. Standard errors are clustered by lender. We find that CFPB-supervised lenders lend slightly more relative to unsupervised lenders post 2011Q2, but that the increase is not statistically significant. Column (2) operates with a balanced panel by completely removing lenders that experience any quarter of inactivity in the sample period.
Similar to column (1), we find a positive but statistically insignificant change in lending activity.
Column (3) includes the zeros by adding adding $200,000 to origination activity before taking the natural log. 12 Including the zeros allows entry and exit to inform the results, which increases the magnitude and statistical significance of the coefficient. This is robust to considering specifications with the log number of originated loans rather than the dollar amount (columns 4-6).
In Panel B, we consider variations on the log dollar specifications, including weighting the results by asset size (columns 1 and 2), restricting the range of banks to $5B-25B (columns 3 and 4), and excluding banks that are near the threshold (columns 5 and 6). For each of these variations we consider the balanced panel of banks that always lend as well as the full panel where we add $200,000 to ensure that non-active quarters are included in the estimation. Across all these specifications we find similar results as in Panel A. The balanced panel, which is solely identified off the intensive margin, tends to find a positive impact on CFPB lenders relative to unsupervised lenders, albeit estimates are not very precise. The specification that allows entry and exit (columns 2, 4, and 6) finds a more positive impact on CFPB lenders, and the coefficient is statistically significant. The magnitudes suggest that on average, supervised banks grew lending at least 50% more than unsupervised banks compared to the pre-period. These large effects should be taken with an equally large grain of salt, however, given that they are based on including new entrants in the sample, which may have extremely high growth rates because they start with a low base.
At the least, bank-level regressions (like the graphical evidence above) do not detect a significant negative impact on mortgage origination activity by CFPB-supervised lenders relative to the control group. However, these bank-level results are far from conclusive, since differences in lending behavior could be obfuscated by differential local demand trends facing supervised and unsupervised banks. Alternatively, it could be that supervised banks increased originations for some types of loans (e.g. low-risk ones) at the expense of others. We next address these possibilities by considering loan-level regressions.
Loan Level
In this subsection, we estimate linear probability regressions of the form:
where CF P Bsupervised ilt is a dummy equal to 1 if mortgage i in location l originated at time t was originated by a CFPB-supervised lender, which in our baseline regressions means a lender was among the set of firms subject to CFPB oversight at the end of 2011Q2; post2011Q2 t is a dummy variable equal to 1 during the period the CFPB is active (from 2011Q3 onwards), α l is a vector of census tract fixed effects, and X ilt is a set of loan characteristics which are included in some specifications. Our main coefficient of interest is β; a negative estimate would suggest that CFPB supervision may have reduced lending volumes of affected banks.
In our baseline specification, we estimate this regression using weighted least squares, weighting each mortgage by its loan amount, so that β can be interpreted as the effect on the share of total mortgage origination dollars that CFPB-supervised banks originate. However, we also estimate this regression on an unweighted basis so that we can study effects on the share in the number of originated mortgages as well. Throughout, we cluster standard errors at the county level.
Results are presented in Table 2 . In the first column, we exclude loan level controls and census tract fixed effects, which essentially corresponds to comparing CFPB-supervised banks' lending share in the pre-2011Q2 period to the post-2011Q2 period. The positive coefficient indicates that their overall market share within this set of banks was slightly larger in the period after the CFPB started operating. In column (2), we add census tract fixed effects, and the coefficient is reduced to zero. Adding loan and borrower level controls (in column 3) has very little effect on the estimated coefficient, which remains a quite precisely estimated zero. In our preferred specification (column 3), a 95 percent confidence interval implies that the share of CFPB lenders within the narrow size range of banks considered in this paper declines by no more than 1.6 percentage points.
This implies that the lending volume (in dollar terms) was not materially different for CFPB-supervised banks in the post-2011Q2 period relative to the pre-period. However, in column (4) we estimate the same regression unweighted, and there do find a statistically significant negative coefficient. Its magnitude implies that the probability that a loan was originated by a CFPBsupervised bank was 1.3 percentage points lower in the post-2011Q2 period relative to the pre-period (about 3 percent of the average market share of banks subject to CFPB oversight).
Our overall interpretation of these results is that CFPB oversight had at most a small negative effect on overall mortgage lending, and a point estimated effect which is quite close to zero. In Figure 5 we illustrate these main results graphically. Now, instead of just a post-2011Q2 dummy, we modify equation (2) to include a vector of quarterly time dummies, and trace out their evolution.
Panel (a) shows the estimated quarterly β corresponding to column (3) of Table 2 , with observations weighted by loan amount. We see that during the pre-period, there is a temporary dip in the relative origination share of banks that would later be CFPB-supervised. However, in the quarters immediately surrounding the start of CFPB activities, the estimated coefficient is very close to zero. Then it decreases over the course of 2012, potentially suggesting a modest negative effect of CFPB supervision on the mortgage lending activity of affected banks. However, the estimated effect reverts toward zero over the course of 2013. Panel (b) shows the same coefficients from the unweighted specification (as in column 4 of the table) and show the more negative estimated effect in the post-2011Q2 period. The graph implies that by early 2013, the probability that a given originated mortgage came from a CFPB-supervised bank was about 3 percentage points lower than in the first quarter of 2010 (or 2011, since the estimated coefficient there is close to zero), with a confidence bound of between 2 and 4 percentage points.
In Table 3 , we present a number of robustness checks of the specification in regression (2). First, we restrict the sample to mortgages used for home purchases (not refinancings) only. Column (1), which corresponds to the specification of column (3) in Table 2 where observations are weighted by loan amount, and column (5), the equivalent of the unweighted regression in column (4) of Table 2, show that the estimated coefficients become slightly more negative (and the weighted coefficient becomes marginally significant) but the qualitative conclusion is unchanged.The remaining columns use different asset size restrictions (compared to our baseline sample of banks with assets between $1bn and $25bn). In columns (2) and (5) we drop banks with less than $5bn in assets, which leads the estimated coefficient to become positive. In columns (3) and (6), we instead expand the upper end of the asset size range. This leads the estimated coefficient to become substantially more negative-it approaches -5 percentage points. This suggests that banks with assets between 25 and 50 billion cut their lending relative to smaller ones, but they may not constitute a relevant comparison group for banks with less than 10 billion of assets (and may have been affected by other regulations).
Finally, in columns (4) and (8) we drop banks within $2.5 bn of the $10 bn cutoff, since those may be affected by strategic considerations (for instance, those just below the cutoff may want to reduce their lending in order to avoid crossing the threshold). This has essentially no effect on the estimated coefficients relative to those from our baseline sample.
Composition of Mortgage Lending
Next, we test whether there is evidence for heterogeneous effects of CFPB supervision on lending behavior across different loan types or risk levels. To do so, we extend equation (2) to interact the post2011Q2 t dummy with different dummies for certain loan types or characteristics. The coefficient on these interactions then measures the differential effect of being in the post-2011Q2 period on the likelihood that a loan is originated by a CFPB-supervised banks. We again estimate the regressions both weighted and unweighted; since the results in Table 4 do not vary much with weighting, we focus our discussion on the weighted ones.
In column (1), the interacted dummy is one for FHA mortgages, which tend to be used by relatively lower income, higher risk borrowers. FHA mortgages in recent years also were the subject of a number of lawsuits against lenders, and many bank lenders withdrew from this market segment.The estimated coefficient is strongly negative and significant, meaning that CFPB-supervised banks reduced their FHA-lending (relative to unsupervised banks) after the CFPB became active.
An interesting follow-up question is whether this just reflects a loan-size effect (since FHA loans tend to be smaller than conventional mortgages); however, in unreported results we find that the magnitude of the FHA interaction coefficient remains similar if we additionally interact fine loan amount controls with the post-2011Q2 dummy.
In column (2), we instead interact the post-2011Q2 dummy with a jumbo dummy. Jumbo mortgages are those with loan amounts above the "conforming loan limit," meaning that the government-sponsored enterprises Fannie Mae and Freddie Mac are now allowed to securitize the loan. As a consequence, these loans are for the most part held by the banks on their balance sheet. Here, we find a significant positive coefficient, meaning that supervised banks increased their origination of these loans.
In columns (3) and (4), we instead interact the post-2011Q2 dummy with proxies for loans with higher default risk. The first proxy we use is whether the loan application featured only one applicant; such loans are substantially more likely to default (e.g., Tzioumis 2017) . For the second proxy, we add the additional requirement that the loan has a ratio of the loan amount to the applicant's income of more than 3, meaning even higher risk of default. 13 For both of these proxies, we find negative interaction effects, meaning that CFPB-supervised banks reduced their lending in these risky loans by relatively more; however, even though they are statistically significant, the magnitude of these coefficients is very small.
In sum, the small overall effect (if there is any effect at all) seen earlier masks significant heterogeneity: specifically, CFPB-supervised banks reduced their FHA lending but increased their jumbo lending once the CFPB became active. An increase in share for larger loans is consistent with the results in Table 2 that suggest the dollar value of lending was unaffected, but that supervised banks made fewer loans overall.
Additional Analysis of Mortgage Lending Outcomes
Application Denials
An alternative way of studying the effects on credit supply is to look at whether CFPB-supervised banks deny more mortgage applications. Denials are an imperfect measure of credit supply, since lender actions will already determine how many applications they receive-for instance, a lender can tighten their standards and discourage borrowers from applying, which might prevent their denial rates from increasing (or, in the extreme, even lead to a decrease). At the same time, if denial rates evolve the same as volumes above, especially across loan types, that would underscore the earlier evidence.
In addition, in the regressions in this section, we can control more finely for demand factors and bank fixed effects than above. We run regressions of the form,
where Denied ijlt is a dummy equal to 100 if mortgage application i submitted to lender j in location l in quarter t was rejected by the lender (instead of the mortgage being originated or the application being accepted but not taken up by the borrower), post2011Q2 t × CF P Bsupervised j is a dummy equal to 1 for CFPB-supervised banks after 2011Q2, α lt is a vector of census-tract-byquarter fixed effects, γ j is a bank fixed effect, and X ilt is a set of loan characteristics as above. Our main coefficient of interest is β; a positive estimate would suggest that CFPB supervision increased denial rates of affected banks.
In some specifications we add additional interaction terms of the main variable of interest with loan-level dummies Z ilt , such as whether the loan is an FHA loan. 14 This allows us to test whether the effects vary with loan characteristics, similar to the analysis in Table 4 above. Table 5 presents the results. Since the dependent variable is binary 0/100, the coefficients in the table should be interpreted in terms of percentage points. In the first column, we do not include loan-level controls, bank fixed effects or census tract-by-quarter fixed effects; the negative coefficient indicates that "raw" denial rates were relatively lower for CFPB-supervised banks after the CFPB became operational, although the difference is not statistically significant. In column (2), we add all the controls, and see that the coefficent moves closer to zero and remains insignificant. Thus, there is no evidence that overall, the application denial of CFPB-supervised banks changed differentially.
Column (3) adds the interaction with the FHA indicator. The first interaction coefficient shows that overall, denial rates for FHA loans slightly (and marginally significantly) increased in the post-2011Q2 period. However, the second interaction coefficient in this column indicates that this was not differentially the case for CFPB-supervised banks. Thus, this regression suggests that the decline in FHA lending by these banks that we detected earlier was not driven by increased application denials. Column (4), on the other hand, shows that these banks did reduce their denial rates for jumbo applications, in line with the volume results earlier. The final two columns show no evidence for differential changes in denial rates for high-risk applications.
Processing Times
It may be that CFPB supervision has little impact on lending but imposes other costs on the mortgage origination process. One such cost could be that supervised lenders are more diligent in their underwriting and disclosure process, but at the expense of a speedy origination. We can test this possibility by considering application processing time as a dependent variable in a differencein-differences specification similar to equation (3). Processing time is measured as the time from the application date of the loan to the time the loan is originated; both these variables are available in the private-use HMDA dataset. 15
The regression takes the form,
where P rocessingT ime ijlt is the number of days from application to origination for loan i submitted to lender j in location l in quarter t. The remaining variables are the same as those described in the denials analysis (Section 4.1) meaning we control for location, time, and bank fixed effects as well as loan level controls. A positive β would suggest that CFPB supervision increases processing times relative to unsupervised banks. We also consider interactions with dummies that indicate more risky, and by extension more complex, loans. 16 Table 6 shows that we find little impact of CFPB supervision on processing times. The coefficient is generally positive across specifications, but not statistically significant. We consider the sample of banks between $1-25B (column 1), weighted by loan size (column 2), and the narrower sample of banks from $5-25B (column 3). The remaining columns test whether there were heterogeneous effects of CFPB supervision on processing time across different loan types. For FHA loans (column 4), we find a 1.3 day greater processing time for CFPB-supervised lenders, an effect that is statistically significant at the 10% level. This is consistent with supervised lenders becoming more careful for these loans, in line also with the reduction in FHA lending volume we found earlier. For jumbo loans, loans without coapplicants, and high loan-to-income loans without coapplicants, we find coefficients of varying signs but lacking statistical significance. In sum, there is not a robust relation between higher processing times and CFPB supervision.
Substitution Between Bank and Nonbank Subsidiaries
The exemption of small depository institutions from CFPB oversight only applies to deposit-taking subsidiaries. Non-deposit lenders of any size are subject to CFPB supervision, examinations and potential enforcement activities. This creates the possibility of regulatory arbitrage by shifting retail lending between bank and nonbank subsidiaries. 17
In unreported results, we test whether unsupervised subsidiaries at entities with a CFPBsupervised lender experience a greater increase in market share than unsupervised subsidaries in institutions without CFPB lenders. Across various specifications we find an effect close to zero with confidence intervals that range from a decline in origination share of 3% to an increase of 5%.
Hence we cannot discern a meaningful shift within organizations towards unsupervised lenders.
One implication is that lenders do not view the benefits of shifting lending as worth the costs, either because the benefits of evading the CFPB are low or because the firms do not believe that such within-organization shifts effectively immunize them from CFPB oversight.
Bank-level Analysis
Although we find little evidence that CFPB oversight has significantly impacted overall mortgage lending volume for banks near the threshold for oversight, there may be other types of effects on banks' operations. For instance, CFPB regulation may affect other types of consumer lending (e.g., home equity loans, auto loans or credit cards), or increase banks' non-interest expenses due to regulatory compliance costs. To investigate a broader range of potential impacts, we move to a bank-level analysis using quarterly Call Report filings by banks.
As we have discussed, a caveat to this bank-level analysis is that there are other regulatory implications associated with a $10bn asset size threshold: banks are required to undertake companyrun stress tests, and become subject to the Durbin Amendment, which restricts interchange fees on debit cards. These additional regulations are unlikely to be of primary importance for mortgage origination, but might influence some of the other bank-level variables we consider below. To the extent that they do, the estimates should be viewed as an upper bound of the effect of CFPB oversight.
We construct a sample of bank-level financial data for the period 2010Q1 to 2013Q4 (matching our sample period for the loan level analysis). We obtain data from Call Reports on the financial condition of commercial banks and supplement that with data from Thrift Financial Reports so that we can fill in data for thrifts during the earlier portion of our sample. 18
Based on the combination of the two financial reports, we obtain a sample of quarterly financial data for 675 unique institutions between the range of $1bn and $25bn in assets as of 2011Q2. As in our loan-level analysis, "post" is defined as the period from 2011Q3 onwards, after the CFPB becomes active, and "CFPB supervised" is defined as the initial set of banks subject to CFPB oversight.
Asset Growth
The first outcomes we consider are asset and loan growth. If regulatory oversight by the CFPB materially increases the cost of financial intermediation, firms subject to CFPB oversight may grow more slowly after the CFPB becomes operational. To test this possibility we estimate a difference-in-difference analysis comparing asset growth for CFPB-supervised and non-supervised banks before and after 2011Q2,
where ∆Y it is log change of loans or assets for bank i at quarter t, post2011q2 is a dummy variable indicating quarters after CFPB implementation and CF P Bsupervised is a dummy for those banks subject to CFPB oversight in the "post" period. The specification includes bank, α i , and quarter, γ t , fixed effects. The interaction term estimates how relative growth rates between treated and untreated firms change post 2011Q2. 19 We consider equal-weighted, as well as asset weighted specifications. We also consider specifications which restrict the sample to banks with assets between $5bn and $25bn; this specification greatly reduces our observation count by excluding many of the smaller banks, but is arguably better identified as it compares banks of more similar size.
Results are presented in Panel A of Table 7 . Both for asset and loan growth, we consistently find a negative coefficient on the difference-in-difference term, although the coefficient is relatively small and not statistically significant. The dependent variable is measured as a quarterly log change-so for example, the coefficient of -0.00346 in column (4) means that CFPB-supervised banks grow 0.346% more slowly per quarter than non-supervised banks (post-relative-to-pre). 20
Underlying this negative difference-in-differences coefficient, the raw mean quarterly log change in assets for the "treated" group of banks that become subject to CFPB oversight is 2.9% per quarter in the "pre" period, declining to 1.6% in the "post" period. For the non-treated group, the growth rate also declined but by a smaller amount-from 1.2% to 0.8%. 21 Therefore, one caveat regarding the results in Table 7 is that the higher growth of the CFPB-treated banks in the "pre" period suggests that there are some pre-existing differences between the two groups (e.g., reflecting the ongoing consolidation of the U.S. banking industry). 22 As an additional caveat, we note that the power of the regression is relatively low (i.e., we would be unable to reject the null hypothesis of no differential trend in growth rates even for a quite economically significant point estimate).
The average effects estimated in Panel A may mask significant nonlinearities close to the $10bn asset size threshold. For example, previous work by Bouwman et al. (2018) finds evidence that banks below but close to the $10bn Dodd-Frank size threshold grow more slowly post-financial crisistheir interpretation is that this group of banks is attempting to avoid the enhanced Dodd-Frank regulation associated with crossing the $10bn size threshold. To investigate these nonlinearities for our sample (which includes both commercial banks and thrifts, unlike Bouwman et al. 2018),
we split the CFPB-supervised group of banks into two groups, based on whether total assets in 2011Q2 exceed $15bn, and split the nonsupervised group based on whether assets exceed $7.5bn.
We then include separate interactions for each group with the post-2011Q2 dummy (so that there are four groups in total, rather than two).
Results are shown in Panel B. Note that the coefficients measure the post-2011Q2 change in growth rates for each group relative to non-CFPB-supervised banks with less than $7.5bn in assets (the omitted group, given that the regressions include a vector of time dummies). We do not find any evidence of discontinuities in growth rates near the threshold. Most notably, and perhaps surprisingly, we find evidence that non-supervised banks with assets between $7.5 billion and $10 billion actually grow more quickly than smaller non-supervised banks. In unreported regressions we find that this seems to be explained by a higher propensity to engage in merger events. It may be that banks just below the threshold want to cross the threshold by a significant margin, in order to spread fixed compliance costs or other noninterest expenses across a wider asset base.
These results seem different to Bouwman et al. (2018) , who find that banks in this size range do grow significantly more slowly. This may reflect differences in methodology. Specifically, our sample includes both commercial banks and thrifts, and we compare behavior pre-and post-2011Q2,
whereas Bouwman et al. (2018) compare banks pre-and post-crisis. The summary statistics in Table 3 of Bouwman et al. also suggest that indirectly treated banks just below the $10 billion Dodd-Frank threshold do grow more quickly than banks above the threshold, and about the same as smaller banks significantly below the $10 billion threshold, in the post-crisis period.
Balance Sheet Composition
While overall asset and loan growth does not seem to have been significantly negatively impacted by the introduction of CFPB oversight, banks may have shifted lending away from retail loan products which are marketed to consumers and toward business oriented products, thereby shifting the composition of loans held on balance sheet. To consider this hypothesis, we estimate a version of equation (5) in which the dependent variable is the retail loan share-defined as the value of all consumer-type loans on the bank's balance sheet, including residential mortgages, HELOCs, credit cards, automobile loans and other consumer loans, as a percentage of total assets. Results are presented in Panel C of Table 7 . In column (1), we find weak evidence that CFPB-supervised firms shifted their loan portfolios away from retail products. The coefficient implies retail share is on average 1.5% lower for supervised firms post 2011Q2 relative to the non-CFPB banks. This result is statistically significant at the 10% level. However, when we consider alternative specifications that put less emphasis on the smaller banks in the sample, the results are weaker. When we weight by assets (column 2), the coefficient suggests the retail share falls by 1.1%, but the results is not statistically significant at standard levels. Similarly, dropping the banks with less than $5bn leads to a much smaller coefficient that is far from statistically significant (column 3). In sum, while the point estimates are negative, there is insufficient evidence to conclude with confidence that CFPB-supervised banks have significantly pivoted away from retail loans. This "stock" evidence seems roughly consistent with our "flow" evidence from mortgage originations presented earlier.
Noninterest Expenses
The final set of bank-level analyses considers bank noninterest expense ratios. CFPB oversight may have resulted in greater compliance costs. To test this possibility we again use the empirical specification in equation (5); instead of assets or loans as the dependent variable we construct several expenses ratios to determine if particular costs for CFPB-supervised firms increased. We consider total noninterest expense, and then two subcategories of noninterest expense: compensation and other noninterest expense. For each category of expense we construct two ratios: one scaled by assets and one scaled by revenues (net interest margin plus noninterest income). We winsorize ratios at the 2.5% level to reduce the influence of extreme outliers on the results.
In Table 8 , we find varying coefficients, some positive and some negative, but none are sta- Ratios may vary because of expenses (numerator) or the scaling factor (denominator). In columns (4)-(6) we consider an alternative ratio in which we scale by revenue rather than assets.
These coefficients suggest a positive relationship between CFPB supervision and expenses, albeit none of the coefficients are statistically significant. The positive coefficients are consistent across all three categories: total noninterest expense, compensation expense and other noninterest expenses.
The largest magnitudes and t-statistics can be found in Panel C, when the smallest firms are excluded. However, taken together these results do not suggest a strong or consistent relationship between CFPB supervision and expense ratios.
6 Conclusions
In aggregate we detect little to no impact of the newly formed CFPB on the overall volume of mortgage originations for supervised institutions. Our confidence bounds are tight enough to rule out the hypothesis that CFPB oversight led to a large decline in mortgage lending among affected banks. In our preferred specification, a 95% confidence interval implies that, within the $1-$25bn bank asset size group, the market share of CFPB-supervised banks declines by no more than 1.6 percentage points.
However, we find some evidence suggesting that CFPB oversight affected the composition and riskiness of bank lending-banks supervised by the CFPB issued fewer small mortgages or loans to riskier borrowers, offset by an increase in lending to large "jumbo" borrowers. This is consistent with the view that greater legal risk and regulatory scrutiny has contributed to a "de-risking" of the types of financial intermediation undertaken by banks in the period since the financial crisis.
In other results, we find no evidence that supervised banks are more likely to deny mortgage applications, despite widespread concerns that denials would increase in response to greater enforcement of consumer protection laws. Lastly, there is no clear evidence that CFPB oversight induced lower asset growth or higher expenses, although in these regressions our statistical power is often relatively low. Note: Figure constructed from the CFPB enforcement action database. "Restitutions" includes payments to affected consumers. "Civil penalties" refers to penalties paid to the CFPB. Since not all payments are made public, the sum of restitution amounts in this figure is smaller than the statistic of $11.9 billion in consumer relief payments reported on the CFPB website.
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Figure 2. Histogram of bank size as of 2011Q2
Note: "Supervised" means that the bank is subject to CFPB supervision and enforcement actions. Figure reflects savings banks and commercial banks with between $1 billion and $25 billion in total assets as of 2011Q2. Y-axis is truncated at a frequency of 50. There are 312 banks in the sample with $1-2 billion in assets (of which three are subject to CFPB oversight), and 108 banks with $2-3 billion in assets (of which one is subject to CFPB oversight).
Figure 3. Difference-in-differences approach
Note: In the "pre" period prior to 2011Q2, banks both above and below the $10bn threshold are subject to supervision by their prudential supervisor in relation to Federal consumer law. From 2011Q2 onwards, banks greater than $10 billion in size are subject to CFPB oversight, with the prudential regulator acting in the capacity of a secondary supervisor. Figure 5 . Evolution of probability that a mortgage was originated by a CFPB-supervised bank (rather than a non-CFPB-supervised bank. Quarterly series show estimated quarterly coefficient (relative to 2010:Q1) and 95% confidence intervals. Regressions also control for census tract fixed effects and loan-level controls. 
5-25bn
1-50bn 1-7.5, 12.5-25bn 1-25bn, Purchase
1-50bn 1-7.5, 12.5-25bn
Includes banks with assets as of 2011Q2 in the 1bn-25bn USD range. Sample period is 2010:Q1 to 2013:Q4. Only mortgages with loan amount up to $5 million are included. Loan controls include log(applicant income), log(loan amount), and indicator variables for applicant race and gender, whether the property is owner-occupied, loan purpose, loan type (conventional, FHA, VA, FSA), jumbo status, missing applicant income, and whether there is a co-applicant. Standard errors reported in parentheses are clustered by county. ***, **, * indicate statistical significance at 1%, 5%, and 10%, respectively. Table 4 . Regression of probability of loan being originated by CFPB-supervised bank on post-2011Q2 dummy interacted with loan characteristics.
(1)
(3) 
Includes banks with assets as of 2011Q2 in the 1bn-25bn USD range. Sample period is 2010:Q1 to 2013:Q4. Only mortgages with loan amount up to $5 million are included. Loan controls include log(applicant income), log(loan amount), and indicator variables for applicant race and gender, whether the property is owner-occupied, loan purpose, loan type (conventional, FHA, VA, FSA), jumbo status, missing applicant income, and whether there is a co-applicant. Standard errors reported in parentheses are clustered by county. ***, **, * indicate statistical significance at 1%, 5%, and 10%, respectively. Table 5 . Regression of probability of loan application denial on post-2011Q2 dummy interacted with CFPB-supervised bank dummy and loan characteristics.
Table contains difference-in-differences estimates for loan-level processing times issued by CFPB-supervised banks relative to unsupervised banks after 2011Q2. Processing times are reported in days for originated loans; the average processing time for the main sample (column 1) is 48.6 days. Weighted specifications are based on loan size. Standard errors in parentheses clustered by county and entity. *** p < 0.01, ** p < 0.05, * p < 0.1. Table contains results estimates the difference-in-differences for CFPB-supervised banks relative to unsupervised banks after 2011Q2. Columns 1, 2, 4, and 5 are based on banks in the $1-25bn range. Columns 3 and 6 are based on banks in the $5-25bn range. Retail and non-retail loan shares are calculated relative to total loans. Weighted specifications are based on 2011Q2 assets. Standard errors in parentheses clustered by entity. *** p < 0.01, ** p < 0.05, * p < 0.1. 
A HMDA characteristics and mortgage default
This appendix presents evidence on the relationship between HMDA loan characteristics and expost mortgage default. The analysis is based on a fuzzy loan-level match between HMDA and the McDash mortgage servicing dataset undertaken by the RADAR group at the Federal Reserve Bank of Philadelphia. In particular we study the correlation with default of the the ratio of mortgage loan amount to household income (LTI), and an indicator variable for whether the primary mortgage applicant has a co-borrower. Statistically these two variables are economically significantly correlated with default. First, default is higher when the LTI ratio is high, although the relationship is nonlinear-there is an upward-sloping relation for low to moderate LTI values, but no clear incremental relationship (or even at some point a negative relation) for LTI values exceeding three. Given this shape, we generally use a dummy for LTI > 3 as a measure of loan risk. The second figure shows that, in addition to high-LTI loans having significantly higher default across loan vintages, default is also significantly higher for loans where there is no coapplicant. This likely reflects selection effects, although there could also be some causal impact of this variable if the lack of a co-borrower reduces risk-sharing in the case of job loss, for example. For our purposes we are simply interested in which variables are correlated in default from a statistical perspective, so that these can be used as proxies for credit risk in our HMDA analysis. 
